The straight tsunami waves from epicenter can be reflected when they reach to coasts or 13 underwater obstacles. In this study, we present the first ionospheric maps of reflected tsunami 14 signature caused by the great 11 March 2011 Tohoku earthquake using the dense GPS 15 network GEONET in Japan. We observed tsunami-like travelling ionospheric disturbances 16 (TIDs) with similar propagation characteristics in terms of waveform, horizontal velocity, 17 direction, period and arrival time compared to the reflected tsunami at the sea-level, indicating 18 the TIDs are induced by the reflected tsunami. The results confirm the atmospheric internal 19 gravity waves (IGWs) produced by reflected tsunami can also propagate upward to the 20 atmosphere and interact with the plasma at the ionospheric height. 21
GPS stations, we can plot the vTEC variation values with different IPPs at specific epoch in a 23
two-dimensional map. The two-dimensional maps of vTEC variation will be used to detect 24 the tsunami signature in ionosphere. 25 26 Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -11, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Buoy Center (NDBC) of U.S. National Oceanic and Atmospheric Administration (NOAA). 7
As showing in Figure 1 , when straight tsunami waves from epicenter propagate to the 8 Emperor seamounts (average depth ~2000 km), the reflected waves might be generated due to 9 the powerful energy. 10
To confirm the existence of reflected tsunami waves, Figure 2 propagation characteristics of the reflected tsunami at the sea-level. According to the MOST 26 model, the straight tsunami waves reach the Emperor seamounts at about 3 h after the 27 earthquake. Then, the tsunami waves are divided into two parts: one part continued to 28 propagate ahead, another part along the opposite direction. The opposite tsunami waves pass 29 the DART 21419 and DART 21401 successively, and reach the epicenter at about 6 h after 30 the earthquake. 31
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